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Abstract: In this study, based on fish samples collected in Beibu Gulf in July 2012, diet composition, feeding habits and 
trophic niche breadth of nine economic fish species were analyzed using the Shannon-Wiener index, Levins index and 
evenness index. Results showed that nine economic fish species could be classified into three types according to feeding habits, 
referred to as plankton predators (including Acropoma japonicum, Trachurus japonicus, Decapterus maruadsi, and 
Polydactylus sextarius), benthic predators (including Evynnis cardinalis, Upeneus japonicus and Psenopsis anomala) and 
nekton predators (Saurida tumbil and Pennahia argentata). Trophic niche breadth of Pennahia argentata was the highest 
(Shannon-Wiener index=0.938 and Levins index=2.238), while trophic niche breadth of Saurida tumbil was the lowest 
(Shannon-Wiener index=0 and Levins index=1). The trophic niche breadth of the nine economic fish species in summer in 
Beibu Gulf was strongly influenced by feeding habits and feeding foundation of surrounding environments. 
Key words: feeding habit; trophic niche; Beibu Gulf 
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????????, ???????????
???????(Ross, 1986)???????????
?????????????????(Hutchinson, 
1957), ???????????????????
?????????????? (Fogarty et al, 
1998)????????????????????
???(??? , 2001; ??? , 2005; ?? , 2011, 
2012), ????????????????, ??
??????(2013)???? 5 ????????
???????(2006)?????(2015)?????
???????????, ??????????
??????????? 
??????????????????, ?
?????, ??????, ?????????
??????, ? 20?? 80????, ?????
????????, ????????(??? ?, 
2004; ??? ?, 2008), ???, ???????
??????????????????????
???????, ??????????????
(??? ?, 2011; ??? ?, 2012)???????
????????????? , ???????
Evynnis cardinalis(??? ?, 2014)??? Trichiurus 
lepturus(???  ? , 2010a)????? Saurida 
tumbil(??? ?, 2010b)?, ?????????
?????(2005)???????????? 9 ?
????????????????(???  ? , 
2004; ??? ?, 2008; ??? ?, 2012)????
??, ???? Decapterus maruadsi??????
Trachurus japonicus?????? Acropoma japonicum?
????????????? Polydactylus sextarius?
?? Psenopsis anomala????? Upeneus japonicus?
??? Pennahia argentata?????, ?????
??????????????????, ???
???????????, ??????????
???????????, ??????????
???????????? 
1  ????? 
1.1  ??????? 
????????????????????
??????? 2012? 7???????????
???? , ????“?? 60011”, ??????
16~65m?????? 9?????(? 1)? 
9 ??????? 309 ?, ????????
????, ?????????(mm)???(g)??
?, ??????(? 1)???????, ????
???(Stemi 2000-C)??????????, ??
??????????????????, ???
???????????? 
 
? 1  ??? 2012? 7???????? 
Fig. 1  Sampling stations of fish species in Beibu Gulf in 
July 2012 
 
? 1  ??????????????? 
Tab. 1  Fish sampling quantity and size ranges in Beibu Gulf in July 2012 
?? ??? ????/mm ??? ???/% 
??? Decapterus maruadsi C21 109~127 30  96.67 
???? ? Trachurus japonicus C5  85~121 31  70.97 
????? Acropoma japonicum C19 40~85 65  33.85 
?????? Evynnis cardinalis C4  70~107 26  73.08 
?????? Polydactylus sextarius C20 102~143 30 100.00 
?? Psenopsis anomala C12 115~156 30  86.67 
???? Upeneus japonicus C10  94~127 37  94.59 
??? Pennahia argentata C17 100~147 30  40.00 
???? Saurida tumbil C10, C13 172~227 30 100.00 
?: ?????????????????? 
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1.2  ???? 
?????????????, ??????
17 ?????, ???????????????
??????????????????????
??????????????????????
?????????(?)???????????
??? Pinkas ?(1971)?????????? IRI
????, ? IRI>100 ?????????, ??
???????????(??? ?, 1986)???
???:  
IRI=(N+W)F            (1) 
????? W= 100????????????????? %  (2) 
????? N= 100????????????????? %   (3) 
???? F= ? ? ?? ?
?? ???? ?? ??????? ? %  (4) 
???????????? Shannon-Wiener?
?? Levins ??, ??????????????
????? , ??????????????
(Wilhm, 1968)???, ????????????
?????, ???? 0~1 ??, ???????
??????????:  
Shannon-Wiener??(Shannon et al, 1963):  
lni iH P P                (5) 
Pielou???(Pielou, 1966):  
lnJ H S                (6) 
Levins??(Krebs, 1999):  
21 iB P               (7) 
Hulbert???(Hulbert, 1978):  
   a 1 1B B S             (8) 
??: Pi?? i????????????????
???; S???????? Hulbert??????
????????, 0~0.39?????, 0.4~0.6??
????, 0.61~1?????(Corrêa et al, 2011)? 
????? Primer v5.2.9?????????
??????????????????????
???????(F%), ????????????
????????????????(Schafer et al, 
2002), ???????????????????
???????(???, 2005; ??? ?, 2008)?
????, ?????????????????
?????, ?????????????????
???????, ???????????????
???????????????, ?? Bray-Curtis
???????????????????????
? One-Way layout ANOSIM (Analysis of Similarities)
?????????????????? 
2  ?? 
2.1  ???? 
????? 9 ???????????? 2 ?
??????, ?????????????, ?
12? 54?(??????????)???????
?(IRI ??? 10535.62), ??????(IRI ???
4962.97)??????????????????, 
????????????????, ?????
????, ???????, ?????????
??????????????????? ???
? 4 ? 6 ???, ??????????????
???, ? 4???? IRI???? 100??, ??
???, ??????????????? 7 ? 17
??? , ??????????? , IRI ???
5418.13, ??????? 71.43%???, ?????
?????????????(?)????????
??????????? 14 ? 48 ?, ??????
?????????????????(IRI ????
? 6369.45 ? 11777.38), ????????(?)(IRI
??? 237.13)????(IRI ??? 110.82)????
???????????????????????
????, IRI????? 16465.20? 170.53????
?? 7? 12???, ??????????????, 
???????????, IRI???? 13234.53??
????? 7? 13???, ????????(IRI?
?? 15440.96), ??????(IRI??? 189.99)??
???? 4 ???, ??????????????
???, IRI????? 100, ?????????, ?
???????(IRI ??? 4204.00), ??????
(IRI??? 2685.33)?????????????, ?
??????? 
2.2  ???? 
??????????? 9 ????????
??????????, ???? 2 ??????
45%????, ?? 9?????? 3?: ????
???????????? ????? ????, ? 
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? 2  ????? 9???????????? 
Tab. 2  Comparison among different food groups of nine economic fish species in Beibu Gulf in July 2012 
???? 
??? Decapterus maruadsi ????? Trachurus japonicas ????? Acropoma japonicum
F/% N/% W/% IRI F/% N/% W/% IRI F/% N/% W/% IRI 
??? Bacillariophyta 3.57 0.09 0 0.32 ? ? ? ? ? ? ? ? 
??? Copepoda 96.43 89.06 20.20 10535.62 62.50 54.55  1.69 3514.72 71.43 75.48  0.37 5418.13 
???Macrura 60.71 4.84 76.90 4962.97 12.50 27.27 79.21 1331.03 28.57  5.16  1.06 177.75 
??? Amphipod 3.57 0.09 0 0.32 ? ? ? ? 19.05  2.58  0.02 49.54 
??? Polychaeta 14.29 0.72 0.06 11.11 ? ? ? ? ? ? ? ? 
??? Euphausiacea 10.71 0.45 0.52 10.38 ? ? ? ? ? ? ? ? 
??? Sergestidae 21.43 0.90 1.74 56.50 ? ? ? ? ? ? ? ? 
???Mysidacea 3.57 0.18 0.35 1.89 12.50 9.09  5.62  183.89 ? ? ? ? 
??? Brachyura ? ? ? ? ? ? ? ? ? ? ? ? 
??? Ostracoda 3.57 0.18 0 0.64 ? ? ? ?  4.76  0.65 0 3.07 
??? Heteropoda 21.43 0.90 0.07 20.72 ? ? ? ? ? ? ? ? 
??? Bivalve ? ? ? ? ? ? ? ? ? ? ? ? 
??? Chaetognaths ? ? ? ? ? ? ? ? ? ? ? ? 
?? Nematodae ? ? ? ? ? ? ? ? 14.29  2.58 0 36.87 
??? Tunicate 3.57 0.09 0 0.32 ? ? ? ? ? ? ? ? 
?? Fish ? ? ? ? 12.50 9.09 13.48  282.14  4.76  0.65 98.55 472.36 
????(?) Planktonic larva 32.14 2.51 0.16 85.86 ? ? ? ? 33.33 12.90 0 430.11 
???? 
?????? Polydactylus sextarius ?????? Evynnis cardinalis ?? Psenopsis anomala 
F/% N/% W/% IRI F/% N/% W/% IRI F/% N/% W/% IRI 
??? Bacillariophyta 3.33 0.08 0 0.27 ? ? ? ? ? ? ? ? 
??? Copepoda 100.00 59.42 4.27 6369.45 ? ? ? ? 21.05 10.00  0.36 218.16
???Macrura 96.67 28.64 93.19 11777.38 90.00 91.67 91.28 16465.20 78.95 68.00 99.64 13234.53
??? Amphipod 46.67 2.30 0.07 110.82 ? ? ? ? 10.53  4.00 0 42.11
??? Polychaeta 3.33 0.08 0.03 0.37 ? ? ? ? 10.53  4.00 0 42.11
??? Euphausiacea 13.33 0.66 0.26 12.25 ? ? ? ? ? ? ? ? 
??? Sergestidae 40.00 1.40 0.42 72.81 10.00  8.33  8.72    170.53  5.26  2.00 0 10.53
???Mysidacea 20.00 0.82 0.32 22.88 ? ? ? ? ? ? ? ? 
??? Brachyura 10.00 0.49 0 4.94 ? ? ? ? ? ? ? ? 
??? Ostracoda 46.67 1.98 0.16 99.67 ? ? ? ? ? ? ? ? 
??? Heteropoda 3.33 0.41 0.16 1.91 ? ? ? ? ? ? ? ? 
??? Bivalve 6.67 0.08 0 0.55 ? ? ? ? ? ? ? ? 
??? Chaetognaths ? ? ? ? ? ? ? ? ? ? ? ? 
?? Nematodae ? ? ? ? ? ? ? ? ? ? ? ? 
??? Tunicate ? ? ? ? ? ? ? ? 26.32 10.00 0 263.16
?? Fish 13.33 0 0.78 10.43 ? ? ? ? ? ? ? ? 
????(?) Planktonic larva 60.00 3.62 0.33 237.13 ? ? ? ? 5.26 2.00 0  10.53
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?? 2 
???? 
???? Upeneus japonicus ??? Pennahia argentata ???? Saurida tumbil
F/% N/% W/% IRI F/% N/% W/% IRI F/% N/% W/% IRI 
??? Bacillariophyta ? ? ? ? ? ? ? ? ? ? ? ? 
??? Copepoda 20.00 9.46 0.04 189.99 ? ? ? ? ? ? ? ? 
???Macrura 88.00 75.68 99.79 15440.96 33.33 20.00 60.56 2685.33 ? ? ? ? 
??? Amphipod ? ? ? ? ? ? ? ? ? ? ? ? 
??? Polychaeta 8.00 4.05 0.05 32.83 ? ? ? ? ? ? ? ? 
??? Euphausiacea 4.00 1.35 0.04 5.57 33.33 20.00 16.38 1212.67 ? ? ? ? 
??? Sergestidae 8.00 2.70 0.04 21.94 ? ? ? ? ? ? ? ? 
???Mysidacea 8.00 5.41 0.04 43.56 ? ? ? ? ? ? ? ? 
??? Brachyura ? ? ? ? ? ? ? ? ? ? ? ? 
??? Ostracoda ? ? ? ? ? ? ? ? ? ? ? ? 
??? Heteropoda ? ? ? ? ? ? ? ? ? ? ? ? 
??? Bivalve ? ? ? ? ? ? ? ? ? ? ? ? 
??? Chaetognaths ? ? ? ? 33.33 20.00 0 666.67 ? ? ? ? 
?? Nematodae ? ? ? ? ? ? ? ? ? ? ? ? 
??? Tunicate ? ? ? ? ? ? ? ? ? ? ? ? 
?? Fish ? ? ? ? 66.67 40.00 23.06 4204.00 100 100 100 20000.00
????(?) Planktonic larva 4.00 1.35 0 5.41 ? ? ? ? ? ? ? ? 
 
 
? 2  ????? 9??????????????? 
Fig. 2  Clustering dendrogram of diet composition of nine economic fish species in Beibu Gulf in July 2012 
 
????(??????)?????, ???????
?; ?????????????????, ????
????????????????, ??????
??; ???????????, ?????????
?, ?????????One-Way ANOSIM?????
?????????, ?????? R>0.5(R=0.785), 
?????? P<0.01, ????????? 
2.3  ??????? 
9 ????????????? 3 ?????
????????????, Shannon-Wiener ??
? 0.938, Levins??? 2.238 ???????? ?? 
??? , ?????????? , Shannon-Wiener
????? 0.685?0.663, Levins????? 1.541?
1.581?????????????, ??????
??, Shannon-Wiener??? 0, Levins??? 1? 
???????, ????????????, 
Pielou ???? 0.854, Hulbert ???? 0.619??
?????? ????????, Pielou ????
?? 0.494?0.427, Hulbert ?????? 0.180?
0.189????????????????????
????? Hulbert??????????????
?, ?????????, ?????????? 
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? 3  ????? 9????????????? 
Tab. 3  Trophic niche breadth of nine economic fish species in Beibu Gulf in July 2012 
?? H? J? B Ba 
??? Decapterus maruadsi 0.663 0.319 1.581 0.083 
???? ? Trachurus japonicus 0.685 0.494 1.541 0.180 
????? Acropoma japonicum 0.085 0.061 1.030 0.010 
?????? Polydactylus sextarius 0.342 0.143 1.149 0.015 
?????? Evynnis cardinalis 0.296 0.427 1.189 0.189 
?? Psenopsis anomala 0.024 0.035 1.007 0.007 
???? Upeneus japonicus 0.018 0.010 1.004 0.001 
??? Pennahia argentata 0.938 0.854 2.238 0.619 
???? Saurida tumbil 0.000 — 1.000 — 
?: “—”??????? 
3  ?? 
3.1  ???? 
????????, ????? 9 ?????
??????? 3?(? 4)? 
? 1 ????? ????? ????????
?????? 4 ?, ?????????????
???? ??????????, ????(??? 
?, 1981; ???, 2005; ??? ?, 2012)????
???????????????????, ??
????????????????????, ?
????????????? (???  ? , 1981; 
?? ?, 2007)?????????????, ??
??(2008)?????????? , ??????
??????????????????????
?, ????????????????????
?????????? 
? 2 ????????????????, ?
???????, ??????????????
????????(1981)????(2005)?????
??????????????, ???????
?????????, ????????????
?????????? 
? 3 ??????????, ???????
??????????????(???, 2005; ?
?? ?, 2010b)???????????????
?, ?????????????????, ???
(??? ?, 1986)???(?? ?, 1992)????(?
?? ?, 1997)????(??? ?, 1994)??, ?
?????????? , ??????????
??????? 
??, ?????????????????
???, ????????????, ?????
????????? 
 
? 4  ????? 9??????????????? 
Tab. 4  Ecological and feeding habits of nine economic 
fish species in Beibu Gulf in July 2012 
?? ?? ???? ???? 
1 ??? Decapterus maruadsi ????? ??????
1 ???? ? Trachurus japonicus ????? ??????
1 ????? Acropoma japonicum ????? ??????
1 ?????? Polydactylus sextarius ???? ??????
2 ?????? Evynnis cardinalis ???? ??????
2 ?? Psenopsis anomala ???? ??????
2 ???? Upeneus japonicus ???? ??????
3 ??? Pennahia argentata ???? ??????
3 ???? Saurida tumbil ???? ??????
 
3.2  ?????????? 
?????? Shannon-Wiener? Levins???
????????????, ?????????
?????????, ??????????9??
?, ?????????????????, ??
??????????????????????
???????, ??????????????
?????? ????????????????
??? 4 ??????????????? : 
Shannon-Wiener ????????????? ??
?????????????????, Levins??
????? ????? ????????????
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????????, Shannon-Wiener???????
????, Levins ??????????????
?(Marshall et al, 1997), ?????????? , 
Levins???????????(? 2)??, ???
???????? 14?, IRI???? 100????
?????????????????? 4 ?, ?
??????? 2 ???, ????????, ?
??????????????????????
?????? 12 ???, ???? 2?, ????
? 4 ?????????, ??????????
? , ??????????????????? , 
Shannon-Wiener ???????????????
?????????????, Shannon-Wiener??
? Levins??????????????????
??? 
3.3  ?????????? 
????????????????????
??(Hulbert, 1978), ?????????????
???????????????????, ??
?????????????????????
(Vinyard et al, 1976; ??, 2005)? 
???? , ?????????????? , 
??????????????? (Macpherson, 
1981)?????, ??????????????
????, ??????????????, ???
???, ???????, ??????????; 
?????????, ?????????????
????????, ????????, ?????
?????? 
????????????????????
??????????????, ???????
????????????, ?????????
?????(Pyke, 1984); ????????, ??
??????????????????????, 
???????????????(Hacunda, 1981; 
Preciado et al, 2009)? 
??????????? , ??????? , 
??????????????????????
??????????????????????
????????? (?? , 1986; ???  ? , 
2008)???????, ????????????
???????(?????????), ????
???????????(???  ? , 2010; ??
? ?, 2008)? 
????, C4?C5????????????, 
??????????????, ???????, 
????????, ???????????(??
? ?, 2008) , ???????C4???????
?????, ????(2005)?? C4??????
???????????? , ???????? , 
??????, ???????????????
??C10?C12? C13???????, ?????
????, ????????, ????????
??????????, ??????(??? ?, 
2009)??????????????????, ?
???(2003)????????????????
???, ??????????????????
? , ????????????? Trachypenaetus 
longipes ?????, ????????????
????, ??????????????? 64%, 
?????????? 99.53%, ????????
????????????????C17?C19?C20
?C21? 4??????????, ????(1998)
?????????? a ???????????
? , ?????(2011)????????? , ??
??????????????????????
???????????????????, ??
????????????, ???????, ?
????????????, ?????????
??????????????????????
?, ?????????????, ??????
????, ????????????, ????
?????????????, ????????
??????????????????????
???????????, ??????????
??? 
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